Cell-cell adhesion molecules (CAMs) are crucial during embryonic development and in the maintenance of adult tissues (1, 2) . During embryogenesis, the patterns of CAM expression at sites of embryonic induction suggest that CAMs play a fundamental role in morphogenesis (3) . The importance of CAMs is also indicated by the ability of specific anti-CAM antibodies to perturb such morphogenetic events as blastocyst compaction (4) (5) (6) , dermal differentiation (7), somitogenesis (8) , and retinal morphogenesis (9, 10) . In addition, transfection experiments indicate that adhesion via CAMs precedes the formation of adherens junctions and gap junctions (11, 12) .
Most CAMs fall into one of two structural classes. The neural CAM (N-CAM) family is a group ofglycoproteins that have internal repeats resembling the domains of the immunoglobulin molecule (13) . The calcium-dependent CAMs or cadherins form a group that is structurally distinct from the N-CAM family. Their extracellular (amino-terminal) domains have internal repeats (14) that contain clusters ofacidic residues that may function in calcium binding (15) . Their intracellular (carboxyl-terminal) domains are highly conserved and interact with the cytoskeleton via a group of proteins called catenins (16, 17) . In addition to a signal sequence, each of these proteins has a precursor peptide that is cleaved prior to expression on the cell surface.
The calcium-dependent CAMs are expressed in many different tissues. The liver CAM (L-CAM; ref. 18 ) is present in most epithelia in the adult, including those of the lungs, gastrointestinal tract, and endocrine glands, and in epidermis (19) . Uvomorulin (4), also called E-cadherin (20) , cell-CAM 120/80 (5), and Arc-1 (21) , has a similar tissue distribution. P-cadherin (22) is detected in the notochord and later in placenta, epidermis, and pigmented retina. N-cadherin (23) , also called A-CAM (24) or N-Cal-CAM (25) , is detected in the notochord and later in neural tissues, lens, cardiac and skeletal muscle, and germ cells. A number of new members of this family have been detected in the nervous system (26) (27) (28) (29) and in early Xenopus embryos (30, 31) . Several desmosomal proteins (32, 33) have been found to have extracellular domains with structures that resemble those of the calcium-dependent CAMs but have distinct intracellular domains.
We had previously determined the structure of all but the 5' end of the chicken L-CAM gene (34) . The protein is encoded by 16 exons that range in size from 115 to >1000 base pairs (bp) and that extend over <10 kilobases (kb). The exon borders do not correspond to any known structural features of the molecule. Comparison of L-CAM gene structure with those of genes for other members of this family has not been possible because detailed structures for cadherin genes have not yet been reported.
Here we show that the genomic sequence immediately upstream of the L-CAM translational start site includes a second gene that we have called the K-CAM gene. This gene has regions with strong similarity to the L-CAM gene interspersed with dissimilar sequences, and the borders between these regions correspond exactly to the exon/intron junctions of the L-CAM gene. Together the exons encode an entire L-CAM-like protein that is distinct from L-CAM and has an overlapping but different tissue distribution. The extensive similarity of these gene structures raises the possibility that the genes for other calcium-dependent CAMs or cadherins may have similar structures. The tandem arrangement of these two genes has important implications for understanding the regulation of their expression and the evolution of this gene family A MATERIALS AND METHODS Tissue was dissected from 10-to 11-day embryonic chickens (liver) or 14-day embryos (all other tissues) and RNA was prepared by the LiCl/urea method (35) , resolved on a 0.8% agarose gel in formaldehyde (36) (36) . Subcloning, deletion cloning, and sequencing were performed in Bluescript (Stratagene). Oligonucleotides were synthesized at the Rockefeller University Protein Sequencing Facility. Sequence reactions were performed using Sequenase (United States Biochemical). Sequence data were compiled using the STA-DEN programs (38) and homologies were detected using the FASTA program (39) .
RESULTS
To extend the sequence of the chicken L-CAM gene, genomic libraries were screened using probes from the 5' ends of the previously isolated L-CAM clones ACL1 and pEC330/1 (34 (Fig. 3 ) that was distinct from the L-CAM mRNA. In 10-to 14-day embryos, the 3-kb mRNA was detected at high levels in skin, at moderate levels in smooth muscle (gizzard and heart) and kidney, and faintly in brain and liver. Although DNA probes corresponding to the highly conserved cytoplasmic domains of the two molecules cross-hybridized even at high stringency (65°C, 0.1x SSC), the probe used for these Northern blots encompasses exons 4-10, which encode the less conserved extracellular domain, and does not detect L-CAM mRNA (see Fig. 3 ). While this work was in progress, others (29) described the sequence of a chicken cDNA that is nearly identical to that predicted from the sequence of the K-CAM gene; because it was isolated from brain, the protein was called B-cadherin. The two sequences differ by 12 bp in the coding region, only one of which changes the amino acid sequence: Met-408 in our predicted protein sequence is a valine in the B-cadherin sequence. These differences may be due to genetic polymorphism within this species.
The exon/intron junctions of the K-CAM gene correspond exactly to those of L-CAM; where codons are divided between exons in the L-CAM gene, they are divided at exactly the same nucleotide in the K-CAM gene ( Table 1) . As a result, the exons in the coding regions ofthe two genes have the same sizes except for exon 13, which is one codon shorter in the K-CAM gene (Table 1 , Fig. 2 ), and exon 16, which is =600 bp longer in the 3' untranslated region of the L-CAM gene (14) . The sizes and sequences ofintrons are for the most part not conserved (Fig. 4 , Table 1 ).
The amino acid sequence deduced from the K-CAM gene ( Fig. 2 ) is 99.5% identical to that of chicken B-cadherin, 66%o identical to L-CAM (14, 34) and mouse P-cadherin (40) , 65% identical to mouse E-cadherin (15, 41) , and 63% identical to chicken N-cadherin (42) . Most to be less similar to the previously known calcium-dependent 
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The migrations of the 28S and 18S rRNA species are indicated for each panel. Note that BH2 does not detectably hybridize to the L-CAM mRNA.
76 levels in 14-day kidney, whereas B-cadherin was not seen in 77 13-day kidney by Western blotting. As pointed out previously (29) , this protein may be homologous to Xenopus E/Pcadherin (46) and, since it is expressed in liver, it may be the 212 cadherin-related molecule in liver, CRM-L (47). Appropriate genes arose by duplication. The fact that the product of the K-CAM gene is as similar to other cadherins as it is to L-CAM suggests that this duplication took place early in the evolution of this family and raises the possibility that there may be additional pairs or larger clusters of such genes.
The mRNAs derived from the K-CAM and L-CAM genes are transcribed from the same strand. The sequence of the region between the two genes has no TATA or CCAAT boxes and had no promoter activity in reporter constructs transfected into Madin-Darby canine kidney cells, chicken hepatocytes, or a chicken hepatoma line (45) that expresses L-CAM (unpublished). However, the possibility that the L-CAM promoter is located between the two genes cannot yet be entirely ruled out because enhancer elements within the L-CAM gene appear to be critical for L-CAM expression. L-CAM cDNA constructs under the control of the rat insulin or mouse neurofilament promoters were not expressed in transgenic mice (49) , whereas L-CAM genomic constructs with the same promoters were expressed. The latter constructs were expressed not only in tissues where the promoters are normally active but also in tissues where L-CAM (but not insulin or neurofilament protein) is expressed. Moreover, we have found that at least one of the introns of the L-CAM gene contains an enhancer that is active in Madin-Darby canine kidney cells (unpublished). More rigorous assays of the region between the K-CAM and L-CAM genes are necessary.
Given the limited size of the region between K-CAM exon 16 and L-CAM exon 1, it is likely that the exon(s) encoding the remainder of the 5' untranslated region of the L-CAM mRNA and the L-CAM promoter is upstream of the K-CAM gene. If so, the two genes may share a promoter, and both mRNAs may be generated from the same initial transcript by differential polyadenylylation and alternative splicing, with the differential expression of the proteins in various tissues regulated by differences in polyadenylylation, RNA splicing, or mRNA stability. Whatever the mechanisms that regulate L-CAM and K-CAM gene expression may be, similar mechanisms probably regulate the genes for other members of this family. Defining these mechanisms could have important implications for understanding the morphoregulatory roles (50) of these molecules in development.
